Objective: This study was performed to determine whether exposure to personal music players (PMPs) in the immediate morning prior to hearing testing confounds the association between mobile phone use and hearing thresholds of adolescents. Design: In this cohort study of cognitive function in year 7 students (median age 13 years, range 11-14), information regarding the weekly use of mobile phones and the use of PMPs was assessed by a questionnaire. Pure-tone audiometry was used to establish hearing thresholds for all participants. Results: Among a cohort of 317 adolescents (60.9% females), 130 were unexposed to PMP use while 33 were exposed to PMP use in the morning prior to hearing testing. No statistically significant difference in hearing threshold shifts was found between adolescents who were and were not exposed to PMP use prior to hearing testing. Likewise, the difference in the use of mobile phones according to the PMP use status was not statistically significant. Conclusion: Exposure to PMPs prior to hearing testing did not introduce confounding in the present study of mobile phone use and hearing loss among adolescents.
Introduction
The use of personal music players (PMPs) such as MP3, iPods, smart phones, and similar devices has dramatically increased worldwide during the last decade. According to the Scientific Committee on Emerging and Newly Identified Health Risks, PMPs are becoming increasingly popular particularly among children and teenagers. 1 Adolescents often listen to high-volume (sound pressure) music at home, on public transport, inside motor vehicles, and while jogging, strolling, or relaxing. 2, 3 The media has recently raised the issue of possible permanent hearing loss, also known as a permanent threshold shift (PTS), secondary to the use of these devices. Much of our knowledge regarding PTS has been derived from occupational studies performed in the 1950s and 1960s, and only recently has more concern arisen regarding the combination of workplace and recreational noise. 4 Measuring PTS by pure-tone audiometry requires the absence of any influence from temporary threshold shifts (TTSs) and the use of serial audiometry. Studies have shown that PMP exposure is associated with the development of noise-induced hearing loss and tinnitus in adolescents. [5] [6] [7] Audiometric tests have demonstrated significantly worse hearing thresholds in adolescents and young adults who use PMPs. 8 Besides noise from PMPs, there has also been concern about mobile phone use and hearing loss following reports that demonstrated significant changes in hearing thresholds, suggesting caution in the use of mobile phones to prevent auditory damage in children. 9, 10 Hutter et al. 11 suggested that hearing impairment induced by PMPs may be a confounder in the association between mobile phone use and hearing loss. However, this was not further investigated in other studies. Additional investigations are therefore required to clarify the association among mobile phone use, PMP exposure, and hearing loss in adolescents.
The present investigation was undertaken within a large study investigating exposure to mobile phones and cognitive function in teenagers. Our aim was to determine whether exposure to PMPs in the morning immediately prior to hearing testing confounds the association between mobile phone use and the hearing threshold levels of adolescents.
Methods
The MoRPhEUS (Mobile Radiofrequency Phone Exposed Users Study) was a cohort study that investigated cognitive function, hearing loss, and blood pressure in year 7 students in 20 secondary schools across the metropolitan area of Melbourne, Australia. The methodological details of the study have been previously described. 12 In brief, schools from the three sectors in the Victorian education system (independent, state, and Catholic schools) were randomly approached regarding participation in the study. Students aged 11 to 13 years were recruited from one of the year 7 level classes in each school. Ethical approval for the MoRPhEUS study was granted by the Monash University Human Research Ethics Committee, and written informed consent was obtained from all participants and their parents.
All eligible students completed two questionnaires: a one-page hearing health questionnaire and additional questions relating to PMP use in the main questionnaire. The students were first asked if they used a PMP for more than 2 hours per day; they were then asked if they had used a PMP on the morning prior to the audiometric testing. We also assessed whether they had been exposed to loud noise in the past 72 hours of the date of the interview. Further questions regarding listening times prior to the day of the interview were asked in a general questionnaire. The day before the hearing test, the study supervisors informed all students not to use their PMPs on the morning prior to the scheduled interview and audiometric testing. On the morning of the hearing test, each participant completed the hearing health questionnaire, including a question asking whether they had "listened to an iPod/MP3 player/Discman today." The subjects were then categorized into two groups: the exposed group comprised students who had used PMPs within 3 hours of the hearing testing, and the unexposed group comprised those who had not used PMPs in the specified period.
Adolescents who did not provide information regarding PMP use and those with pre-existing ear problems such as grommet insertion, previous surgery, or ear disease were excluded from further analysis ( Figure 1 ). We restricted our final analysis to only those students who also reported use of mobile phones.
Pure-tone audiometry was undertaken using a Madsen Electronics MM304 audiometer (Otometrics, Taastrup, Denmark), calibrated and used in accordance with the pure-tone audiometric testing algorithm of the Australian Standard AS IEC 60645.1 and the ISO 8253-1: 2010.
13,14
Measurements of air-conduction hearing threshold levels for each ear were undertaken in an audiological booth or a quiet room conforming to the background 15 for the appropriate audiometric ear cups (TDH39). Before starting the testing, the test administrators checked the ambient sound pressure levels inside the testing rooms using a sound level meter. This was also done at the end of testing and confirmed to be within normal limits. The frequencies tested were 0.25 kHz, 0.50 kHz, 1 kHz, 1.5 kHz, 2 kHz, 3 kHz, 4 kHz, 6 kHz, and 8 kHz. The pure-tone averages were calculated by averaging the thresholds per ear obtained at each test frequency and were further classified into either low frequency (0.5, 1, and 2 kHz) or high frequency (3, 4, and 6 kHz) for each ear.
16, 17 The results were then aggregated for the PMP exposed and unexposed groups. An otological examination was performed to check the ear canal for wax and the tympanic membrane for possible inflammation or perforation using the Welch Allyn otoscope (Model 25020; Welch Allyn, Skaneateles Falls, NY, USA).
The hearing threshold was compared between the exposed and unexposed groups using t-tests on each individual metric (i.e., low frequency right ear, high frequency right ear, low frequency left ear, and high frequency left ear). As previously described, 12 exposure to mobile phones was assessed using the total reported number of voice calls made and received per week. This included the log 10 transformation of total calls made and received by adolescents; i.e., the log(total calls). When the respondent specified a range of calls per week, the arithmetic average was chosen. Unlike the total number of calls made and received, the log(total calls) was normally distributed. An offset of 1 was added to include valid zeroes, and the distribution was truncated at 70 to exclude extreme outliers and obtain a more representative statistic. Text messaging (SMS) was not expected to have any effect upon hearing, so this was omitted from the current analysis.
Adjusting for clustering within schools, the use of regression methods with robust estimation of variance did not lead to any appreciable difference from the results that were unadjusted for clustering; therefore, only the latter results are reported for simplicity. We did not adjust for clustering in our analysis of exposure to mobile phones because a previous analysis did not find any clustering effects. 12 All statistical analyses were undertaken using Stata version 13.0 (StataCorp, College Station, TX, USA). All tests were two-sided, and P < 0.05 was considered statistically significant.
Results
A total of 479 students were approached, 313 of whom underwent audiometric testing. Of these 313 students, 202 (64.5%) provided data on PMP use in the MoRPhEUS study. The ages of the 202 adolescents enrolled ranged from 11 to 13 years, and 60.9% were girls. Of the 163 (80.7%) who responded to the mobile phone use question, 33 (20.2%) were exposed while 130 (79.8%) were unexposed to the use of PMPs in the morning prior to hearing testing.
The results of mobile phone use (average number of calls per week for those using mobile phones to make and receive calls) by PMP use on the morning prior to hearing testing are summarized in Table 1 . There was no significant difference between the PMP exposed and unexposed groups in relation to their calls using mobile phones (mean difference of log(total calls), À0.16; 95% confidence interval, À0.35 to 0.03).
The use of PMPs for more than 2 hours per day was reported by 14 (38%) adolescents in the exposed group and 28 (17%) in the unexposed group (odds ratio, 2.98; 95% confidence interval, 1.37-6.50). However, there was no significant difference between the PMP exposed and unexposed groups in relation to their exposure to loud music in the last 72 hours before the date of the interview (v 2 ¼ 2.09). No significant difference was observed between boys and girls in relation to their mobile phone use (v 2 ¼ 0.087) or exposure to PMPs prior to the hearing test (v 2 ¼ 0.039). Table 2 presents the audiological results of adolescents by their PMP exposure status. We did not restrict the audiological results to only those reporting mobile phone use; therefore, the numbers analyzed in Table 2 are greater than those in Table 1 (n ¼ 37 exposed and n ¼ 165 unexposed). Likewise, there was no significant difference in the hearing thresholds for each frequency by the PMP exposure status of adolescents for each ear (Figure 2 ). Adolescents exposed to PMPs in the morning prior to audiometric testing did not have significantly different threshold shifts compared with the unexposed group in any of the four metrics (low frequency right, high frequency right, low frequency left, and high frequency left).
Discussion
This study investigated whether exposure to PMPs in the morning immediately prior to hearing testing confounds the association between mobile phone use and hearing threshold levels of adolescents. The findings showed no significant difference between the hearing threshold levels of the PMP exposed and unexposed groups. The hearing thresholds ranged from 7 to 9 dB among students in the two groups; this is considered well within the normal range. This finding is also consistent with previously published reports that defined normal hearing as any pure tone average of <15 dB in both ears for adolescents. 17, 18 The disproportionate use of PMPs for more than 2 hours per day by the Except for the mean difference, data are presented as mean AE standard deviation and 95% confidence interval. PMPs, personal music players; LF, low frequency (0.5, 1, and 2 kHz); HF, high frequency (3, 4, and 6 kHz). *Pairwise comparisons (unexposed vs. exposed) in each metric (e.g., LF_Right).
exposed group was not surprising because these were the students who inadvertently used their players on the morning of the audiometric testing. Previous reports have also affirmed that adolescents and young adults often play their MP3 players at maximum volume. 2, 19 However, reports regarding the likelihood of TTS with significant individual variability in auditory function tests following digital music player use have produced conflicting results. 20, 21 A more recent study of 17-year-old Swedish students also showed worse measured hearing thresholds for those who listened to digital music players at louder volumes. 22 Our results suggest that normal use of PMPs prior to audiometric testing is unlikely to induce significant hearing loss incurred by the use of these devices that may introduce confounding in the association between mobile phone use and hearing threshold levels of adolescents. Previous studies have demonstrated that music exposure results in a reliable but small TTS that quickly recovers. 20, 23 Furthermore, there was no difference in mobile phone use between the two groups. Because confounders must be associated with both the exposure and the outcome, the current findings suggest a lack of evidence for significant confounding due to the use of PMPs in the MoRPhEUS study. Our results do not support the suggestion by Hutter et al. 11 that use of PMPs may introduce confounding in mobile phone studies.
The strengths of this study lie in its design and power. The design of this study involved a quasi-random selection of exposed and unexposed students because the exposed students were those who forgot to avoid using their PMPs on the morning of the audiometric testing. This characteristic should have been independent of the subjects' hearing status. This study also had sufficient power to determine statistical differences in the mean hearing threshold of 3 dB. Pure-tone audiometry performed by a trained and experienced operator will at best be accurate to about 2 dB across most frequencies. 18 A shift in the hearing threshold of !3 dB would have given cause for concern because previous studies have reported only small (2-to 3-dB) differences in pure-tone audiometric thresholds in users of PMPs compared with nonusers. 7, 23, 24 Our results indicate that the differences between the exposed and unexposed groups were much smaller than this minimum clinically important shift. 8 The limitations of this study can be summarized in four main areas. First, our study design was cross-sectional; therefore, we could only test for the hearing threshold that simultaneously contained both TTS and PTS components. This is a limitation that has been discussed in detail previously. 25 In any event, serial testing to determine the use of TTS as a surrogate for PTS is questionable. Furthermore, previous studies do not provide conclusive information about the lasting effects of leisure noise on hearing thresholds. 26 The absence of a statistically significant difference between the PMP exposed and unexposed groups in the hearing test results infers that the level or duration of exposure to noise from PMPs is unlikely to cause significant shift in the hearing threshold levels of adolescents.
The second limitation is that we relied upon the self-reported hearing history provided by the subjects; the students in the exposed group were self-selected because they had forgotten to avoid using their devices on the morning of the hearing testing. This may have introduced non-differential misclassification that cannot be quantified. Our third limitation involves the use of only pure-tone audiometry. We did not perform bone conduction testing or other standard audiological tests that might have indicated some other difference in the acoustic profiles of the two groups. Finally, the fourth limitation is that the exposure to mobile phone use was assessed using the total reported number of voice calls made and received per week; however, mobile phones are used for multiple purposes these days.
In conclusion, we found no evidence for confounding by exposure to PMPs in this study of the hearing threshold and mobile phone use. However, we recommend caution in future mobile phone studies that investigate outcomes such as hearing loss and tinnitus because our results may not be generalizable to adult populations. Because the use of PMPs is growing not only in adolescents but also in young adults, 5, 8, 27 future research will require greater focus on longer periods of exposure to mobile phones and PMPs to improve on the current findings. Serial audiometry after the establishment of baseline thresholds may also provide more robust results.
